Ultrasonic AFM may improve fabrication technologies on the nanometer scale. In the presence of ultrasonic vibration, hard surfaces can be indented and scratched with the tip of a soft cantilever, due to its inertia. Ultrasound reduces or even eliminates friction, and hence modifies the tip-nanoparticlesurface interactions in AFM manipulation. The subsurface sensitivity of the
technique makes feasible the purposed manipulation of subsurface nanoscale features by ultrasonic actuation.
Ultrasonic Atomic Force Microscopies
Information of ultrasonic vibration on the nanoscale has recently become accessible by a new family of Scanning Probe Microscopy techniques based on the use of Atomic Force Microscopy (AFM) with ultrasound excitation [1] . Among them, the techniques of Ultrasonic Force Microscopy (UFM) [2] and Heterodyne Force Microscopy (HFM) [3] rely in the so-called "mechanical-diode" effect [4] , in which a cantilever tip is in contact with the sample surface and normal ultrasonic vibration is excited at the tip-sample contact (see fig. 1 ). If the excitation frequency is high enough, or is not coincident with a high-order cantilever contact resonance, the cantilever will not be able to linearly follow the surface vibration due to its inertia.
Nevertheless, if the ultrasonic excitation amplitude is sufficiently high that the tipsample distance varies over the nonlinear tip-sample force interaction regime, the cantilever experiences a static force during the time that the ultrasonic excitation is acting. This force is the so-called "ultrasonic force", and can be understood as the Remarkably, in this case, the UFM contrast reveals stiffness variations even within individual Sb particles [5] . Recently, a novel ultrasonic AFM mode, namely Mechanical-Diode Ultrasonic Friction Force Microscopy (MD-UFFM) based on the lateral mechanical diode effect has additionally been proposed for the study of friction and lubrication on the nanoscale, in the presence of surface shear ultrasonic vibration [6] .
Ultrasonic Nanofabrication
Ultrasonic AFM techniques provide a means to monitor ultrasonic vibration at the nanoscale, and open up novel opportunities to improve nanofabrication technologies [7] .
In the presence of ultrasonic vibration, the tip of a soft cantilever can dynamically indent hard samples due to its inertia. In addition, it has been demonstrated that ultrasound reduces or even eliminates nanoscale friction [8] . Typical top-down approaches that rely in the AFM are based on the use of a cantilever tip that acts as a plow or as an engraving tool. The ability of the AFM tip to respond inertially to ultrasonic vibration excited perpendicular to the sample surface and dynamically indent hard samples may facilitate the nanoscale machining of semiconductors or engineering ceramics in a reduced time. Figure 3 demonstrates the machining of nanotrenches and holes on a silicon sample in the presence of ultrasonic vibration.
Interestingly, no debris is found in the proximity of lithographed areas. Figure 3 In the machining of soft materials, as for instance plastic coatings, the ultrasonic-induced reduction of nanoscale friction may permit eventual finer features and improved surface quality in quasi-static approaches. In [9] , an in-plane acoustic wave coupled to the sample support was used to enhance the intermittent force exerted by the tip in dynamic AFM nanomachining of thin polymer resist films.
In bottom-up approaches, ultrasound may assist in the self-assembly or AFM manipulation of nanostructures [7] . Effects such as sonolubrication and acoustic levitation have been studied at the microscale. These phenomena may facilitate a tip-induced motion of nano-objects. In the manipulation of nanoparticles (NPs) on surfaces with the tip of an AFM cantilever, when ultrasound is excited at a sample surface both tip-particle and particle-surface frictional properties change [10] . Eventually, it should be pointed out that the sensitivity of ultrasonic-AFM to subsurface features makes feasible to monitor subsurface modifications [7] . We have recently demonstrated that actuation with an AFM tip in the presence of ultrasonic vibration can produce stacking changes of extended grapheme layers, and induce permanent displacements of buried dislocations in Highly Oriented Pyrolytic Graphite (HOPG). This effect is illustrated in figure 5 . In the presence of normal surface ultrasonic vibration, both AFM and LFM images reveal subsurface features [1] . Subsurface modification was brought about in this case by scanning in contact mode, with high set-point forces, and high surface ultrasonic excitation amplitudes [7] . 
Summary

